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Abstract Amyotrophic lateral sclerosis (ALS), with an

incidence of 1.5–2.5 for 100 000 per year, is a rare but

rapid progression neuromuscular degeneration disorder that

poses unique perioperatively challenges to clinical anes-

thesiologists. The progressive degeneration of motor neu-

rons causes a constellation of symptoms, including

muscular weakness, atrophy, fasciculations, spasticity, and

hyperreflexia. Therapeutic and experimental treatments,

including riluzole, beta lactams, methylcobalamin, dexp-

ramipexole, antiepileptics, antioxidant agents, neutrophin,

antiinflammatory agents, and antiapoptosis drugs, are

described. Newer therapies, such as neural stem cells and

diaphragmatic pacing, are presented. Because of the

inherent muscle weakness and associated respiratory

insufficiency, certain precautions must be utilized during

anesthetic care of ALS patients. In particular, certain

neuromuscular agents are contraindicated and anesthetics

that leave the body more rapidly present logical and

attractive options in this population. A solid understanding

of the disease process, therapeutic interventions, and

anesthesia considerations are all paramount for the suc-

cessful management of a patient with ALS in the periop-

erative setting.

Keywords Amyotrophic lateral sclerosis � Anesthesia �
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Introduction

Amyotrophic lateral sclerosis (ALS) is a rare but fatal

neurodegenerative disease affecting both upper and lower

motor neurons. The course of the disease is progressive and

over half of the patients succumb within 3 years [1]. ALS

is commonly referred to as Lou Gehrig Disease after the

hall of fame baseball player who purportedly died from the

disease in 1941. Though there is now evidence that he may

have died from a separate but very similar neurodegener-

ative disease [2], Lou Gehrig still remains the poster-child

for ALS. The progressive degeneration of motor neurons

causes symptoms of muscular weakness, lack of coordi-

nation, atrophy, fasciculations, spasticity, and hyperreflexia

[3]. ALS remains the most common form of motor neuron

disease with an incidence of 1.5–2.5 for 100 000 per year.

Within the ALS population, 90 % appear to be sporadic

and 10 % familial; however, there is no difference in

clinical presentation between the familial and sporadic

forms of the disease [4]. There is no curative treatment for

ALS, and all current treatment is palliative. Death usually

occurs as a result of respiratory insufficiency [1]. Of the

supportive therapies available, the most commonly used is

riluzole, a compound that decreases the presynaptic release

of glutamate, and thus decreases excitotoxicity [5].

Because of the inherent muscle weakness and associated
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respiratory insufficiency, certain precautions must be taken

during anesthetic care of ALS patients.

Causative factors

ALS has been associated with several derangements at the

cellular level, including alterations of the cytoskeleton,

mitochondrial function, microglial activation, and the

metabolism of reactive oxygenating species and glutamate

[6]. Some patients have also exhibited defects in the level

and expression of immunoglobulin G (IgG) [7]. ALS

pathogenesis is described in Fig. 1.

There are believed to be three variants of ALS: classic

sporadic, familial, the majority of which exhibit autosomal

dominant inheritance, and the western Pacific type, often

associated with dementia [6]. Mutations in superoxide

dismutase 1 (SOD1), TAR DNA-binding protein (TARD-

BP, also known as TDP43) and fused in sarcoma (FUS,

also known as translocated in liposarcoma) have been

found to contribute to 30 % of classic familial ALS. The

cause of the remainder of the familial ALS and the

majority of sporadic ALS is unknown. However, a recent

study by Siddique et al. [8] revealed that mutations in

UBQLN2, which encodes the ubiquitin-like protein ubiq-

uilin 2, is the cause of dominantly inherited, chromosome

X-linked ALS and ALS/dementia. In this particular case,

abnormalities in ubiquitin 2 were linked to defects in

protein degradation, abnormal protein accumulation, and

subsequent neurodegeneration. Previous studies at the

Skaggs Institute for Chemical Biology demonstrated that

mutations in the SOD1 cluster in protein regions affect the

cell’s architectural integrity. Electron microscopy indicates

that these mutations promote the formation of filamentous

aggregates [9]. These studies imply that protein aggrega-

tion plays an integral part in familial forms of ALS.

Other proposed triggers for the development of ALS

include environmental hypothesis such as bacteria and

tobacco smoke. The cyanobacteria/BMAA hypothesis has

been studied for years in Guamanians as there is a 100-fold

increase in the incidence of ALS in the population.

Research has shown a link between the presence of beta-

methylamino-L-alanine (BMAA) in brain tissue and the

development of ALS. BMAA is produced by symbiotic

cyanobacteria on the roots of the indigent cycad trees in

Guam [10]. More recently, a longitudinal study pooling the

results of five prospective cohorts supported the hypothesis

that cigarette smoking may increase the risk of ALS,

although further investigation is warranted [11].

In the past few years, brain and spinal cord autopsy

findings on athletes have linked physical injury, for

example football-, soccer-, and boxing-related concussions,

to the high incidence of ALS in former athletes. This has

led to reforms in sports in terms of concussion testing and

Fig. 1 Pathogenesis of ALS.

Activated microglial cells

release proteins that produce
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Focusing on glial cells to

overcome an intractable disease,
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3 Issue 10). http://www.
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rest periods. Historical investigations of athletes, including

Lou Gehrig, with whom ALS is most prominent linked,

have found surprising documentation of repeated brain/

spinal cord trauma without rest. Gehrig was known as the

‘‘Iron Horse’’ and played in 2130 consecutive games over a

14 year period. A recent review of archived newspapers

revealed that Gehrig had over a dozen severe concussions

while playing baseball in an era when batting helmets were

not used and each time, he refused to take time off to heal

from his concussive symptoms. Additional autopsy find-

ings in the coming years should better link early data of

brain/spinal cord injury and the development of ALS [12].

Pathophysiology

As previously mentioned, ALS is a neurodegenerative

disorder affecting both upper and lower motor neurons [1].

The death of motor neurons in the brain and spinal cord

lead to progressive symptoms of muscular weakness,

atrophy, fasciculations, spasticity, and hyperreflexia [3]. At

its onset ALS may involve selective loss of function of

only upper or lower motor neurons, making it difficult to

diagnose. However, the disease will ultimately cause pro-

gressive loss of both categories of motor neurons, and signs

of such are required for a definitive diagnosis [1]. In order

to better understand the pathophysiology behind ALS, the

anesthesia provider must first have a working knowledge of

the neurologic pathways involved.

The lateral corticospinal tract is responsible for propa-

gating impulses for discrete voluntary movement from the

cerebral cortex to the spinal cord, and is therefore one of

the most clinically relevant pathways in the nervous system

[13]. The corticospinal fibers originate in layer five of the

motor cortex and descend through the internal capsule and

the cerebral peduncle of the midbrain. The lateral corti-

cospinal tract decussates in the ventrocaudal medulla and

descends via the pyramidal tract in the lateral horn of the

spinal cord to synapse with lower motor neurons, either

directly or indirectly via interneurons [1, 13]. Another

important pathway originating in the motor cortex is the

corticobulbar tract. Also traveling within the internal cap-

sule but just anterior to the corticospinal tract, the corti-

cobulbar tract descends to the cervical spinal cord by

passing through the crus cerebri medial to the corticospinal

tract. The corticobulbar fibers have branches that terminate

on the cervical and facial motor nuclei, nucleus ambiguus,

hypoglossal nuclei, and accessory nucleus [14]. Both the

corticospinal and corticobulbar tracts comprise the upper

motor neurons which are involved in the pathology of ALS.

Damage to the corticospinal or corticobulbar tracts at

any level will produce upper motor neuron signs. In ALS,

damage to these tracts occurs from demyelination and

gliosis secondary to degeneration of Betz cells located in

the motor cortex [14]. Prior to the destruction of these cells,

motor neurons develop proteinaceous inclusions in their

cell bodies and axons. This may in part be due to defects in

protein degradation [15]. Interestingly, however, these

inclusions do not stain with the dyes Congo Red or Thio-

flavin S, and are therefore non-amyloid aggregates. Instead,

these inclusions often contain ubiquitin and generally

incorporate one of the ALS-associated proteins: SOD1,

TARDBP, or FUS. This is in contrast to the aggregates and

plaques seen in many other neurodegenerative diseases of

protein aggregation, including Alzheimer’s disease, Par-

kinson’s disease, Huntington’s disease, and prion diseases

[16, 17]. Signs typical to these upper motor neuron lesions

include weakness, increased tone, spasticity, and hyperre-

flexia. A patient with this type of lesion may also present

with pathologic reflexes such as Babinski’s sign [13].

Lower motor neurons are comprised of both neurons

originating in the anterior horn of the spinal cord,

extending to peripheral nerves which synapse on skeletal

muscle, as well as those originating in the motor cranial

nerve nuclei in the brainstem. In ALS, lower motor neuron

damage is secondary to massive destruction of the anterior

horn cells of the spinal cord and motor cranial nerve nuclei.

Recent investigational theories

There is current evidence available that excitotoxicity may

play an important role in the pathology behind ALS [18].

Several theories include decreased glutamate uptake by

surrounding astrocytes, interference with mitochondrial

function, impaired gamma-aminobutyric acid (GABA)

inhibitory control of cortical motoneurons, and protein

aggregation among many others [18, 19]. Another valid

argument that excitotoxicity may play an important role is

that the only drug proven to slow the disease process in

humans, riluzole, possesses anti-excitotoxic properties [18].

Clinical manifestations

The initial manifestations of ALS are usually weakness or

clumsiness, often beginning focally and spreading to

adjacent muscle groups. However, the presentation may

vary greatly depending on whether the corticospinal/corti-

cobulbar tracts (upper motor neurons) or the lower motor

neurons are more involved at the onset of the disease [14].

With a more pronounced corticospinal deficit, ALS mani-

fests with spasticity and hyperreflexia of the extremities

[12]. A deficit involving more corticobulbar fibers initially

would cause dysphagia, dysarthria, and a pseudobulbar

effect [1, 14].
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When lower motor neurons are primarily involved, the

presenting symptoms likely consist of asymmetric weak-

ness, usually in the distribution of one extremity. Early

denervation can lead to progressive weakness atrophy and

fasciculations. As with upper motor neuron involvement,

lower motor neuron deficits can also occur in the bulbar

region. This may result in problems chewing, swallowing,

and with facial movement [1].

The initial symptoms of ALS can occur in almost any

muscle group. It is important to keep in mind that, although

the disease process may begin asymmetrically, an

increasing number of muscle groups become affected until

the condition has symmetric distribution. By definition,

ALS will eventually involve both upper and lower motor

neurons, regardless of which predominated initially [1].

Bowel, bladder, sensory, and cognitive function all appear

to remain intact despite the progressive nature of the

disease [14]. Signs and symptoms of ALS associated with

upper and lower motor disease are described in Table 1.

Diagnosis

The diagnosis of ALS has historically been one of exclu-

sion with the presence of upper and lower motor neuron

signs at multiple levels. Previously, diagnosis and disease

progression was based upon serial monitoring of various

reflexes, including the soleus stretch reflex [20]. However,

recent technological advances have led to a change in

perspective of how to diagnose ALS, resulting in the

development of inclusive diagnostic criteria which show

both good sensitivity and specificity. These include both

the El Escorial criteria and more recently the Awaji crite-

ria. Both sets of criteria are based upon the principle that

neurophysiological data via EMG should be used syner-

gistically with clinical information. The criteria are based

upon three key principles, which include evidence of lower

motor neuron loss, evidence of reinnervation, and fibrilla-

tion and sharp waves or fasciculation potentials. There

must also be involvement of at least two muscles inner-

vated by different roots and nerves in the cervical and

lumbar-sacral region and a minimum of one muscle

involved in the bulbar and thoracic regions. These criteria

help to stratify patients into groups of clinically definite,

clinically probable, or clinically possible ALS. Stratifica-

tion then allows for the clinician to guide the management

of each patient [21].

Current and new therapies

There is no curative therapy, nor is there any treatment

available that is capable of completely arresting the

progression of this debilitating disease. There are, how-

ever, therapeutic agents that provide both palliative relief

and supportive care. These drugs are described in Table 2.

Significant advances in both symptomatic and adjunctive

therapies have resulted in prolonged duration and

improved quality of life for patients. There is also data

that supports the notion that multi-disciplinary clinics may

help to prolong patient survival [22]. While the scope of

FDA approved medications remains limited, there are

Table 1 Upper and lower motor neuron signs associated with

amyotrophic lateral sclerosis

Upper motor neuron signs Upper motor neuron symptoms

Increased reflexes (Hoffman’s

sign, crossed adduction,

upgoing toe, distal

spread of arm reflexes)

Increased spasticity

Jaw clinching/biting

Trismus

Spontaneous jaw clonus

Dysphagia

Facial diparesis Dysarthria

Palmomental sign Laryngospasm

Poor palatal elevation Pseudobulbar effect

Slow tongue movement Sialorrhea (drooling)

Gait disorder (spastic) Difficulty managing

pharyngeal secretions

Slowed rapid alternating

movements

Limb stiffness, slowness,

incoordination of movement

Spontaneous clonus

Spontaneous flexor spasm

Axial stiffness/imbalance

Lower motor neuron signs Lower motor neuron symptoms

Weak masseter/pterygoids Incomplete eye closure

Difficulty maintaining jaw closure Difficulty opening/closing

the jaw

Poor palatal elevation Poor lip closure and seal

Tongue weakness Dysphagia

Muscle atrophy/fasciculation Dysarthria

Intrinsic hand weakness, foot drop,

proximal muscle weakness

Hoarseness

Difficulty holding up head

Gait disorder (steppage, waddling) Limb weakness/atrophy

Reduced reflexes Fasciculations

Neck extension/weakness Cramps

Truncal extension/weakness/

increased lordosis

Difficulty maintaining

erect posture

Abdominal protuberance Dyspnea/orthopnea

Tachypnea

Reduced vocal volume,

shortened sentences

Use of accessory

respiratory muscles

Abdominal paradox

Weak cough

Sleep disordered breathing
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several Stage 2 and 3 clinical trials in process that show

promise.

Riluzole

Riluzole remains the only FDA approved medicine to both

treat and prolong patient survival. Although the exact

mechanism of action remains unknown, the drug is thought

to preserve and protect motor neuron function by

decreasing toxic glutamate levels at nerve terminals via

three mechanisms [23]. These include inactivation of

sodium channels, inhibiting glutamate release, and block-

ing post synaptic actions of NMDA receptors [24]. Several

prospective, double blind, placebo controlled trials have

shown an average of a 2–4 month increase in survival with

about 9 % of patients having an additional year of survival

[25]. Benefit has been shown for doses between 50 and

200 mg daily. While riluzole is generally well tolerated

Table 2 Agents that are

considered safe for ALS

patients perioperatively with

side effects

Symptom Treatment Side effects

Spasticity Baclofen Transient drowsiness, sedation, dizziness, weakness,

fatigue, headache, nausea, constipation, insomnia,

hypotension, asthenia

Tizanidine Hypotension, xerostomia, asthenia, drowsiness,

dizziness, somnolence

Benzodiazepines Change in appetite, weight gain, constipation,

reduced salivation, xerostomia, confusion,

incoordination, memory impairment, sedation,

irritability, fatigue

Dantrolene Diarrhea, asthenia, dizziness, somnolence, fatigue

Cramps Vitamin E Rare

Evening primrose oil Headache, indigestion, nausea

Brewer’s yeast Flatulence

Baclofen

Gabapentin

(see above)

Peripheral edema, nausea, vomiting, viral disease,

ataxia, dizziness, nystagmus, somnolence, hostile

behavior, fatigue

Fasciculations Reassurance, no

treatment

Depression Selective serotonin

reuptake inhibitors

Diaphoresis, rash, anorexia, nausea, xerostomia,

asthenia, dizziness, insomnia, somnolence, tremor,

impotence

Pseudobulbar effect Selective serotonin

reuptake inhibitors

(see above)

Sialorrhea Tricyclic

antidepressants

Weight gain, constipation, xerostomia, dizziness,

headache, somnolence

Dextromethorphan

and quinidine

Peripheral edema, diarrhea, vomiting, asthenia,

dizziness, cough

Amitriptyline Weight gain, constipation, xerostomia, dizziness,

headache, somnolence

Scopolamine patches Xerostomia, somnolence, blurred vision

Glycopyrrolate Flushing, constipation, vomiting, xerostomia, nasal

congestion

Air hunger Parotid irradiation N/A

Atropine drops Tachyarrhythmia, constipation, xerostomia, blurred

vision

Botulism toxin

injections

Injection site pain, headache

Supplemental

oxygen

N/A

Only FDA approved drug

for disease modification

Riluzole Hypertension, tachyarrhythmia, circumoral

paresthesia, arthralgia, asthenia, dizziness,

somnolence, GI disturbances, elevated liver

enzymes, vertigo, respiratory depression
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among patients, some of the more common side effects are

asthenia, dizziness, gastrointestinal disturbances, and mild

elevations in hepatic enzymes. Patients who tend to have

the greatest benefit from therapy are those who have a

pulmonary vital capacity greater than 60 %, symptomology

present for \5 years, and no tracheostomy. Even though

riluzole has been shown to have little or no effect on

muscle strength, the Quality Standards Subcommittee of

the American Academy of Neurology (AAN) noted that the

therapy was shown to delay the need for tracheotomy by

several months [26]. Subsequently in 2009, the American

Academy of Neurology concluded that riluzole is both safe

and effective to slow ALS progression [27].

Beta lactams

Ceftriaxone is a beta lactam antibiotic which appears to

upregulate the GLT-1 glutamate transporter, also known as

excitatory amino acid transporter type 2 (EEAT2), poten-

tially correcting cellular glutamate levels. According to the

NIH, the use of ceftriaxone is currently in Phase 3 clinical

trials [23].

Methylcobalamin

Another potential treatment currently being investigated is

high dose vitamin B12. The compound has shown promise

by reducing homocysteine mediated toxicity in NSC-34

cells. This treatment remains novel and is currently in

Phase 2/3 clinical trials [23].

Dexpramipexole

Dexpramipexole is the R (?) isomer of pramipexole, which

is currently approved to treat both Parkinson’s and restless

leg syndrome. Dexpramipexole functions as an antioxidant

specifically targeting the mitochondria. This enantiomer

has much less affinity for dopaminergic receptors, mini-

mizing dopaminergic effects. Preliminary studies show that

the antioxidant has neuroprotective properties and is both

safe and well tolerated. Cudkowicz et al. [28] have shown a

dose-dependent effect on the rate of functional decline and

mortality. The use of this therapy is currently being eval-

uated in Phase 3 clinical trials.

Experimental therapies

Antiepileptics

Gabapentin, classically used as an antiepileptic drug and in

various pain therapies, is effective by decreasing the syn-

thesis of glutamate. However, at this time the use of

gabapentin has not been shown to be effective in either

slowing progression of the disease or for symptomatic

muscle spasm relief [29].

Antioxidants

In ALS, reactive oxygen species can be produced in

abundance, leading to oxidative stress with the potential to

induce neuronal damage, which in turn can cause cell death

via apoptosis or necrosis [30]. The use of anti-oxidants

such as vitamin E, n-acetylcysteine, and L-methionine have

all been studied in an attempt to minimize cellular oxida-

tive stress and slow disease progression [31]. While there

has been some documented benefit in animal models,

unfortunately there has been no clinical efficacy in humans

[32]. One of the key problems associated with anti-oxidant

therapy is breaching the blood–brain barrier [33]. Despite

setbacks, research remains ongoing.

While research remains limited, one study done by

Wang et al. [34] showed that, while vitamin E may not be

able to slow the progression of disease, there is evidence

that regular vitamin E intake may be protective and prevent

disease onset altogether. This research remains novel and

deserves further consideration for prospective cohort

studies in the future.

Neurotrophins

Neurotrophins control the development and maintenance of

the nervous system; in a mature nervous system, neuro-

trophins affect neuronal survival as well as influence syn-

aptic function and plasticity [35]. Several preclinical

studies have evaluated the efficacy of different factors such

as insulin like growth factor-1, vascular endothelial growth

factor, glial cell derived neurotrophic factor, and brain

derived neurotrophic factor. Unfortunately these have

failed to show any survival benefit [32, 36–39]. Difficulty

remains with drug penetration through the blood–brain

barrier and research to solve the issue is currently ongoing.

Anti-inflammatory agents

Neuroinflammation is a pathological hallmark in both ALS

patients and mutant SOD1 animal models [32]. Previous

research has shown that, in patients with ALS, COX-2

expression was dramatically increased in the spinal cord,

motor neurons, interneurons, and glial cells [40]. Adminis-

tration of celecoxib, a selective COX-2 inhibitor, was actu-

ally shown to prolong survival in SOD1 mutant mice by

anywhere from 12 to 28 days [32, 41]. However, subsequent

human studies done by Cudkowicz et al. [42] showed cele-

coxib failed to demonstrate any efficacy in a randomized,

double-blind, placebo trial of 300 patients with ALS.
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Antiapoptotics

In mutant SOD1 mice, research has found that motor

neuron death occurs by apoptosis mediated by sequential

activation of caspase-1 and 3 [32, 43]. Minocycline, a

second generation tetracycline antibiotic that both crosses

the blood–brain barrier and indirectly inhibit caspase-1 and

3 was shown to delay symptom onset in mutant SOD1 mice

[32, 44]. However, a multicenter, Phase 3, randomized,

controlled trial of minocycline failed to show any benefit in

400 ALS patients [44].

Diaphragmatic pacing systems (DPS)

Diaphragmatic pacing systems have previously been used

to successfully treat spinal cord injured patients, with

multicenter trials showing 98 % of DPS patients being

liberated from ventilatory support [45–47]. This success

led to FDA approval for DPS use in spinal cord injury

patients and further investigation to see if there was any

benefit for ALS patients. The goal behind DPS is to pre-

serve diaphragm strength, decreasing the rate of loss of

FVC, and prolonging the onset of mechanical ventilation

dependency or tracheotomy [48]. DPS involves laparo-

scopic mapping of the motor point of each hemi-diaphragm

to identify the optimal point of stimulation resulting in

maximal contraction of the diaphragm [48]. This stimula-

tion theoretically improves respiratory efforts by convert-

ing diaphragm muscle from fast type IIB to slow twitch

type 1 [48]. While there has been some documented ben-

efit, more research is needed before DPS can be routinely

recommended to slow respiratory decline and preserve

function in ALS patients.

Treatment of emotional labiality

Pseudobulbar effect is a consequence of bilateral cortico-

bulbar tract degeneration and may affect approximately

half of all ALS patients [49]. Pseudobulbar effect is a term

that encompasses sudden uncontrollable bouts of laughter

or crying that occur often inappropriate to the context of

the situation. A drug combination of dextromethorphan–

quinidine has been FDA approved for these symptoms

[50].

Use of multi-disciplinary clinics

ALS is a progressive and terminal disease and maximizing

patient care is often multi-faceted and complex. As disease

progression occurs, close attention must be paid to a

patient’s nutritional, respiratory, and functional status. This

complexity has resulted in the development of all encom-

passing multi-disciplinary clinics and there has been data

that suggest patients cared for at multi-disciplinary clinics

may survive longer [51, 52]. Care teams may consist of a

neurologist, specific ALS nurses, physical therapists, a

gastroenterologist to monitor nutritional status, a pulmo-

nologist to monitor respiratory decline, and social workers

to help with associated bills and insurance. Centers like

these help to ensure that patients maintain the highest

quality of life throughout the progressive and debilitating

disease course [51].

Anesthetic/surgical considerations and management

Due to the progressive nature of the disease, ALS patients

will invariably undergo various surgical procedures for

both symptomatic and palliative care. These most com-

monly include: percutaneous enteral gastrostomy feeding

tube placement, long term line placement for infection or

aspiration complications, and tracheotomy. There is a

limited amount of literature pertaining to the anesthetic

management of ALS. Despite this, anesthetic management

should still encompass the three main components of any

anesthetic case, including preoperative, intraoperative, and

postoperative management. Preoperative assessment

should include pulmonary function testing to assess func-

tional vital capacity, as this is a key indicator to successful

extubation postoperatively [48]. Reduced pulmonary

function tests can be a red flag for a patient with a higher

likelihood of postoperative respiratory issues. Some of

these tests include inspiratory capacity, negative inspira-

tory force, and/or vital capacity. The American Academy

of Neurology’s practice parameter is that ALS patients

with an FVC \50 % should be offered non-invasive posi-

tive pressure ventilation [48, 53]. Advanced bulbar symp-

toms increase the risk of aspiration and respiratory

inadequacy. Intraoperatively, the goal is to use rapid

reversible short-acting analgesic and amnestic agents [48].

Onders et al. [48] describe successful intraoperative man-

agement in ALS patients using this methodology. Propofol

and remifentanil infusion should be used for induction and

are generally considered safe and ideal. Remifentanil is

ideal due to its ultra short acting nature. Though there is

limited data, inhalational agents can be utilized with the

caveat being that there is a potential for postoperative

respiratory depression and that extubation should be done

with the patient fully awake. Of the most common inha-

lational agents available, isoflurane has moderate lipid

solubility and a slower recovery time when compared with

desflurane and sevoflurane. Therefore, desflurane and

sevoflurane are preferred for maintenance due to their low

lipid solubility allowing for rapid reversal and dose

adjustment [48]. Depolarizing neuromuscular blockers,

such as succinylcholine, act as acetylcholine agonists.
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These agents should be strongly avoided because they can

cause a lethal elevation of serum potassium in neuromus-

cular disorders like ALS [54]. Muscle relaxants should also

be used sparingly and at the lowest possible doses. In cases

where a nondepolarizer is utilized, it is paramount to

monitor with an electrical twitch monitor. Nondepolarizing

neuromuscular blockers act as competitive antagonists of

the post synaptic receptor. Acetylcholine is prevented from

binding to its receptor, thus producing flaccid paralysis.

There have been several case reports detailing the suc-

cessful use of rocuronium in ALS patients undergoing

general anesthesia [55]. However, nondepolarizing agents

should be used with caution as these agents can result in

prolonged weakness. In this scenario, sugammadex given

at the dose of 2 mg/kg intravenously has been shown to

expedite paralytic reversal safely and efficiently [55].

Postoperatively, close attention to the respiratory status is

paramount as many ALS patients already have a compro-

mised respiratory state. Those on NPPV preoperatively

should be placed back on NPPV postoperatively [48].

Finally, peripheral nerve blocks and various local or

regional techniques to help both intraoperatively and to

assist in managing postoperative pain management have

been successful in clinical practice for this patient popu-

lation [56–58]. However, there is a general concern about

the use of regional anesthesia and disease exacerbation

[59]. Routine postoperative use of oxygen should be lim-

ited because ALS patients have an inherent instability of

respiratory control and their drive for respirations when

sleeping is based on oxygen saturation. In this regard, if a

patient becomes confused, an arterial blood gas reading

should be obtained to ensure the patient is not becoming

hypercarbic [48]. As mentioned earlier, thorough preoper-

ative assessment of pulmonary function will aid the clini-

cian when weaning from mechanical ventilation given that

each of these patients have some degree of pulmonary

pathogenesis and limited functional reserve. A careful

balance between safety and comfort is critical. ALS

patients have reduced neurophysiological reflexes and

responses. Therefore, conservative dosing of opiates in

particular with enhanced postoperative monitoring such as

pulse oximetry can optimize postoperative pain manage-

ment and minimize morbidity and mortality.

In summary, when considering anesthetic management

in ALS patients, careful monitoring and appropriate drug

selection is obligatory. In neuromuscular disorders like

ALS, the release of potassium can be markedly increased;

depolarizing neuromuscular blockers such as succinylcho-

line should be avoided because they can cause an exag-

gerated elevation of serum potassium. Muscle relaxants

should also be used sparingly and at the lowest possible

doses. Because of the patient’s susceptibility to respiratory

distress, postoperative ventilatory support is absolutely

indicated. Successful management of ALS patients requires

a collaborative perioperative effort from all healthcare

professionals involved in the patients care.
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